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■ TO DETERMINE OPTIMOM DOUBLE— SLOTTED-FLAP CONFIGURATIONS 
By Jones F. Cahill and Stanley F. Racisz 

SUMMARY 


An Investigation was made to determine optimum double— slotted— 
flap configurations for seven thin NACA airfoil sections. The airfoils 
tested were the NACA 63-210, 64-208, 6*1-210, 64^-212, 65-210, 66-210, 
fltvi 1410 airfoil sections. Each of the airfoil sections tested was 
equipped with a main flap of 0.250 chord and a fore flap of 0.075 chord. 

In addition, the NACA 66-210 and the NACA 6 * 1—208 airfoil sections wqr© 
also tested with a 0 . 100 -chord and a 0 . 056 -chard fare flap, respectively. 
Lift measurements were made at a Reynolds number of 2.4 x 10° to obtain 
the configuration giving the highest maximum section lift coefficient 
(ideal position) for each of the airfoil sections tested. The lift 
characteristics were measured for Reynolds numbers up to 9-0 X 10° In. 
order to obtain an indication of the scale effects. The section pitching- 
momant characteristics and the effect of leading-edge roughness on the 
lift characteristics were measured far each of the airfoil sections at a 
Reynolds number of 6.0 x 10° far a double-slotted— flap position close to 
the ideal which also allowed the double slotted flap to be retracted as 
a unit into the wing contour (optimum). 

The optimum fore— flap positions were generally found to be about 
1 percent chord forward and about 2 percent chord below the slot lip. 

The optimum flap positions varied considerably. The deflections for 
which the highest maximum lift coefficients were measured were about 
50° to 5 ‘ 5 ° for the flap and about 25 ° to 30 °. for the fore flap. 

The maximum section lift coefficient of the airfoil section with 
either a split or double slotted flap decreased as the position of 
mimimum nressure was moved to the rear or as the airfoil thickness was 
decreased to 0.08 chord. In all cases, the maximum section lift 
coefficient increased as the Reynolds number was increased from 
2.4 x 10 ^ to 6.0 x 106 but generally decreased or remained constant as 
the Reynolds number was Increased from 6.0 x 10° to 9.0 x 10^. 
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Increasing the fore-flap chord provided increases in the maximum section 
.lift coefficients of both the NACA 61—208 and the KACA 66— 210 airfoil 
sections vith double slotted flaps. The addition of standard roughness 
to the leading edges of the airfoils equipped with double slotted flaps 
generally decreased the maximum section lift coefficients by amounts 
slightly less than those obtained with the flaps retracted, decreased 
the variation of the max imum section lift coefficient with position of 
minimum pressure and with airfoil thickness, and caused the stalls to be 
less abrupt than those for the smooth condition. The ratio of increment 
of section pitching-moment coefficient to increment of section lift 


coefficient at a section angle of attack of 0 C 



based on the 


total chard of the airfoil with the double slotted flap extended was 
approx ima tely the same as that obtained for the airfoil with the split 
flap. An unstable pitching-moment break: was encountered at the stall 
for each of the airfoils when equipped with the double slotted flaps and 
seemed to be peculiar to double slotted flaps. 


INTRODUCTION 


The use of thin wing sections to increase the critical speeds of 
high-speed, highly loaded airplanes has been accompanied by the need for 
suitable high-lift devices to be used for take-off and landing. An 
investigation was made in the Langley two-dimensional low-turbulence 
tunnels to determine high-lift tralling-edge flaps suitable for use on 
thin wing sections that are most likely to be used on high-speed aircraft. 
The first part of this investigation, reported in reference 1, covers 
the tests of four types of flap for the NACA 65—210 airfoil section. The 
double slotted flan, discussed in reference 1, gave maximum lift coef- 
ficients higher than any one of the three single slotted flaps tested. 

The second nart of this investigation, reported herein, covers the tests 
of similar double-slotted— flap configurations for six other thin NACA 
airfoil sections. Data from reference 1 on the NACA 65-210 airfoil 
section with a double slotted flap are included to complete the comparison 
of the results obtained. 

The seven thin NACA airfoil sections tested with double slotted 
flaps in the Langley two-dimensional low-turbulence tunnels are as 
follows* NACA 63-210, 61-208, 6*4-210, 6^-212, 65-210, 66-210, and lllO 
airfoil sections. Profiles of the plain airfoil sections are shown in 
figure 1. 

The ideal mart™ am lift configurations were determined at a Reynolds 
number of 2.1 x 10° for each of the double slotted flaps which consisted 
of a 0,250-chord main flap and a 0,075-chord fore flap. The section 
lift and pitching-moment characteristics were then measured at higher 
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Reynolds numbers up to 9.0 x 10° focr configurations that not only approxi- 
mated the ideal maximum lift configurations but that also allowed the 
flap and fore flap to retract as a unit within the airfoil contour. The 
effects of leading-edge roughness on the section lift characteristics 
were determined at 'a Reynolds number of 6.0 x 10°. 

Data on the lift and pitching-moment characteristics of these airfoil 
sections equipped with 0.20-chord split flaps deflected 60 ° axe included 
to show a comparison between the effects of the two types of flap. 


SYMBOIS 


a Q section angle of attack, degrees 

c airfoil chard with flap retracted 


C Z section lift coefficient 

c 2 maximum section lift coefficient 

max 


c section pitching-moment coefficient about quarter-chord 

c/4 point 

flap deflection (see fig. 2) 

8^ fore— flap deflection, measured between fare— flap 

chord line and airfoil chord line, degrees 

x/c distance along airfoil chord line, fraction of chard 

t/c airfoil thickness, fraction of chord 

y^ horizontal and vertical positions, respectively, of the 

fare-flap reference point measured from trailing edge 
of slot lip in percent chord (x positive forward and 
y positive down) (fig. 2) 

Xp J2 horizontal and vertical positions, respectively, of flap 

3 reference point measured frcm trailing edge of fore 

flap in percent chord (x positive forward and y positive 
down) (fig. 2) 


R 


Reynolds number 
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Ac j increment of section lift coefficient 

ACja increment of section pitching-moment coefficient 


MODELS 


Each of the models tested had a chord of 2h inches and completely- 
spanned the 3-foot-wide test sections of the two tunnels. The main 
part of each model ahead of the flap was constructed of lamin ated 
mahogany, and the flaps were constructed of steel. A typical airfoil 
with double slotted flap, including the essential dimensions, is shown 
in figure 2. Ordinates for the plain airfoil sections are given in 
tables 1 to 7. 

Each of the main flaps was of 0.250 chord and was obtained by 
scaling the ordinates of the main flap tested on the NACA 65-210 airfoil 
section (reference 1) in proportion to the airfoil thickness at each 
station along the chord. Ordinates of the flaps tested are given in 
tables 8 to 14. Each of the flaps was tested in combination with the 
0.075c fore flap used in reference 1. In addition, the NACA 64-208 
airfoil was tested with a 0.056c fare flap and the NACA 66-210 airfoil 
was tested with a 0.100c fare flap. Sketches of the three fore flaps 
are presented as figure 3, and their ordinates are given in tables 15 to 
17. The flaps and fore flaps were attached to the main parts of the 
models at the ends in such a manner that they could be set at any desired 
positions and deflections. The flap and fore— flap positions were measured 
from their reference points, which are defined as the intersection of 
their chord lines with their leading edges. (See fig. 2.) 

For tests of each model in the smooth condition, the model was sanded 
with No. 400 carborundum paper to produce aer ©dynamically smooth surfaces. 
For tests of the airfoil with leading-edge roughness, the surfaces were 
the same as for the smooth condition except that 0.011— inch carbor undum 
grains were applied over a surface length of 0.16 chord centered at the 
chord line* This leading-edge-roughness condition corresponds to the 
standard roughness described in reference 2. 


APPARATUS AND TESTS 


The investigation was made in the Langley two-dimensional low- 
turbulence tunnel and the Langley two-dimensional low-turbulence pressure 
tunnel. 
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Section lift characteristics were obtained from static-pressure 
measurements along the floor and celling of the tunnel test section, 
and section pitching-moment characteristics were determined from 
deflections of a torque tube. Details of the test methods and the 
methods used in correcting the data to free-air conditions are given 
in reference 2. 

Lift measurements were made at a Reynolds number of 2.k x 10^ In 
the Langley two-dimensional low-turbulence tunnel to obtain the ideal 
configurations. The ideal configurations (those giving the highest 
maximum lift coefficients) were determined by first determining the 
ideal position of the flap relative to the fore flap for several combi- 
nations of flap and fore-flap deflections. The configuration giving the 
highest maximu m lift was, if necessary, altered slightly to allow the 
flap wnfl fare flap to be retracted as a unit within the wing contour. 

With the position of the flap thus fixed relative to the fore flap, lift 
measurements were made to obtain the best position of the flap and fore- 
flap combination. This resulting position is called the optimum position 
The optimum positions developed in the Langley two-dimensional low- 
turbulence tunnel at each of several deflections were then tested in the 
Langley two-dimensional low-turbulence pressure tunnel at a Reynolds 
number of 6.0 x 10°. For the configuration giving the highest maximum 
lift coefficient at a Reynolds number of 6.0 x 10°, pitching-moment 
characteristics and the effect of leading-edge roughness on the lift 
characteristics were also determined at a Reynolds number of 6.0 x 10°, 
nnd the lift characteristics were determined at Reynolds numbers of 
3.0 x 10° and 9.0 x 10^. The riwriiwim free— stream Mach number attained 
during any of these tests was less than 0 . 18 . 

PRESENTATION OF RESULTS 


The data obtained for the airfoil section with a double slotted flap 
at a Reynolds number of 2.b x 10° are presented as contours of maximum 
lift coefficient for various flap and fore-flap positions. These data 
indicate the maximum section lift coefficient that may be obtained for a 
given flap position and deflection, or the loss in maximum section lift 
coefficient that may result if flap positions other than the ideal are 
selected . 

The lift characteristics at a Reynolds number of 6.0 X 10^ are 
presented for several of the more promising double— slotted— flap configur- 
ations for each airfoil section. The section pitching-moment charac- 
teristics for the smooth condition and also the lift characteristics 
for the condition with leading-edge roughness are presented for the 



6 


NACA ITT No . 15^5 


configuration having the highest maximum lift coefficient at a Reynolds 
number of 6.0 x 10°. Additional data are presented shewing the lift 
and pitching-moment characteristics of the plain airfoil section at 
several Reynolds numbers and the lift and pitching-moment character- 
istics at a Reynolds number of 6.0 X 1CP for the airfoil section vith a 
0.20-chard split flap deflected 60 °. The data far the plain airfoil 
section «r»d the airfoil vith a split flap were obtained frem reference 2. 
In same cases, data for the airfoil section vith a split flap vere 
available far several additional Reynolds numbers and are also included. 

The figures in which the data are presented far each of the airfoil 
sections tested are listed in the following tablet 


NACA airfoil section 

1 

V© 

8 

I 

0 

rl 

1 

0 

rH 

1 
VO 

0 

rH 

1 

o 

H 

H 

CVI 

t 

<3 

Data 

Figure 

Plain airfoil and 
split flaps 

■ 

8 

13 

19 

20 

2? 

31 

Contours of flap 
position far c. 

max 

5 

9 

lfc 

17 

21 

*24 

28 

32 

Contours of fare— flap 
position far c 

unax 

6 

. 10 

15 

18 

*22 

b 25 

29 

33 

Characteristics far 
optimum configura- 
tion 

1 

U 

a 12 

16 

19 

b 23 

b 26 

30 

3^ 


a 0 . 056 c fare flap 

"L. 

0.100c fore flap 
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DISCUSSION 
Maximum Lift 


Effect of flap and fore— flap position .— The variation of the section 

lift characteristics of the flapped airfoil section as the flap position 
varies is primarily a result of changes in the slot shapes. A secondary 
effect, resulting from the change in airfoil chord as the flap is moved 
chard-wise, also exists; but within the range of positions for these tests, 
this effect is small. The ideal configurations are therefore the ones 
for which the best slot shapes are formed at the flap and fore— flap 
leading edges. The data shown on the contours of flap and fare-flap 
position indicate that the ideal flap and fore-flap configuration for 
maximum lift is one that forms converging nozzles and directs the air 
flow downward over both the flap and fore flap . - - - 

For most of the ideal configurations with the 0.075c fore flap, the 
fore flap was located approximately 1 percent chord forward of the slot 
lip arid approximately 2 percent chord below the slot lip. For the 
NACA 63—210 airfoil section, however, (fig. 6) the Ideal fore— flap position 
was approximately 1 percent chard farther forward than the average. 

Although the best rosition of the fore flap for the NACA 64^—212 airfoil 

is actually behind the slot lip (fig. 33), little difference exists between 
the maximum lift coefficients obtained at the Ideal position and at the 
■position corresponding to the average of the others. The flap positions 
for the Ideal configurations varied considerably far each of the airfoil 
and flap combinations tested, as would probably be expected inasmuch as 
each airfoil aection was tested with the flap designed for that airfoil. 

An indication of the Ideal double-slotted— flap configurations for air- 
foils and flaps .similar to those tested in this Investigation may be 
obtained from the contours of flap position. These configurations, how- 
ever, should not be applied to airfoil— flap combinations having shapes 
radically different from those tested. In addition, an indication of the 
loss in maximum section lift coefficient which may be caused by structural 
deflections of the flap or by construction errors may be obtained from 
the contours. Far example, in the case of the NACA 63—210 airfoil section 
(fig. 5(a) )* a departure of 0.01c from the ideal flap position can 
decrease the maximum section lift coefficient by as much as 0.3. For 
most of the optimum configurations, the flap deflection was 50 ° or 55° 
and the fore— flap deflection was 25 ° or 30 °, although little difference 
existed In the maximum lift coefficients measured for these deflections. 
Increasing the deflection of the fore— flap aids both in forming a 
converging slot and in directing the air flow downward over the flap. 

A limit is reached in these effects, however, when the fore— flap deflection 
becomes high enough to cause the flow over the upper surface of the fore 
flap itself to separate. The use of the optimum flap positions rather 
than the ideal positions in the tests which followed generally resulted in a 
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decrease in maximum lift coefficient of less than 0 . 1 . 

Effect of fore-flap chord .— The data presented in figures 23 
and 26 show that increasing the fore-flap chard from 0 . 075 c to 0 . 100 c 
increased the maximum section lift coefficient of the NACA 66-210 , 

airfoil section hy approximately 0.1 at a Reynolds number of 6.0 x 10 . 

A comparison of the data presented in figures 11 and 12 indicates that 
decreasing the fore-flap chord from 0 . 075 c to 0 . 056 c results in a slight 
decrease in the maximum section lift coefficient of the NACA 61—208 air- 
foil section with a double slotted flap. The data presented in reference 3 
also show that increasing the fore— flap chord may be beneficial in 
increasing the maximum section lift coefficient. The increase in maximum 
section lift coefficient obtained by the use of larger fore flaps may be 
attributed to a combination of the increased area of the lifting surface 
and better slot shapes. 

Effect of position of minimum pressure .— The variation of c 

rmr 

with the position of minimum pressure for several NACA 6 -eeries airfoils 
of 10-percent thickness is presented in figure 35 for a Reynolds number 
of 6.0 x 10 . Data presented in reference 2 indicate that far airfoil 
sections of thicknesses less than about 0.12c, the stall usually begins 
at the leading edge. Since the leading-edge radii of NACA 6 -series 
airfoils decrease as the position of minimum pressure moves to the rear, 
this type of stall becomes mare pronounced. The decrease in maximum 
lift coefficient with rearward movement of the position of minimum 
pressure, shown in figure 35 , is therefore probably caused principally 
by the decrease in leading-edge radius. For thicker airfoil sections, 
where the stall begins over some rear part of the airfoil instead of near 
the leading edge, the decrease in the leading-edge radius with rearward 
movement of the position of minimum pressure is expected to have a 
smaller effect on the maximum section lift coefficient. The increment in 
section lift coefficient caused by the addition of the double slotted flap 
to the NACA 6 -series plain airfoil section having a maximum thickness of 
10 percent chord remained substantially constant (approx. 1.4) over the 
range of minimum pressure positions tested. 

Effect of airfoil thickness .— The variation of maximum lift coef— 
ficent with airfoil thickness for the three NACA 64— series airfoils tested 
is shown in figure 35* The data in figure 35 show that for airfoil 
thicknesses between 0 . 12 c and 0 . 08 c the maximum lift coefficients of the 
plain airfoils and the airfoils with both split and double slotted flaps 
decrease as the airfoil thickness is decreased, although not all in the 
same manner. The increment of maximum lift coefficient caused by the 
double slotted flap decreases at a nearly constant rate as the thickness 
is decreased, while the Increment In maximum lift coefficient caused by 
the split flap decreases as the thickness is decreased from 0 . 12 c to 0 . 10 c 
and then increases again as the thickness is further decreased to 0 . 08 c. 
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Data In reference 2 have shown that the maximum lift coefficients 
of most airfoil sections decrease as the airfoil thickness is increased 
above about 0 . 12 c although the man-Twium lifts of these same airfoils 
when equipped with split flaps continue to increase up to a thickness 
as- high as 0.l6c or 0.l8c. Previous scattered data have shown that the 
maximum lift coefficients of airfoil sections equipped with double 
slotted flaps follow the same general trend. The data in figure 35 
extend these previous results down t.o a thickness of 0 . 08 c. 

The maximum lift coefficient of the NACA lUlO airfoil, also shown 
in figure 35 , is approximately the same as the maximum lift coefficient 
for the NACA 6143—212 airfoil section. 

Reynolds mnnber effect .— The variation of maximum section lift 
coefficient with Reynolds number is shown in^figure 36 . In all cases, 
increasing the Reynolds number from 2.k x 10° to 6.0 x 10° resulted 
in large increases in the maximum section lift coefficients. Increasing 
the Reynolds number from 6.0 x 10° to 9.0 X 10°, however, caused slight 
decreases or no change in the maximum lift coefficients of each of the 
airfoil sections with double slotted flap except the NACA 614—210 section. 
Figure 11 indicates that the NACA 614—208 section followed the same trend 
as the NACA 614—210 section. 

An explanation of scale effect on the maximum lift of airfoil sections 
is given In reference I 4 , and this explanation Is usually applicable to 
airfoils with flaps. Variations of the lift with Reynolds number are 

generally apparent only in regions of incipient stall (high angles of 

attack), but for these thin airfoil sections with double slotted flaps 
the lift decreases with increase in Reynolds number in the linear part 
of the lift curve (low angles of attack). This decrease in lift coef- 
ficient is probably caused by changes in the flow conditions through the 
slots as the Reynolds number is varied. Therefore, a new ideal configu- 
ration could probably be developed at higher Reynolds numbers, and 
slightly higher maximum lifts might be obtained. 

Effect of flap on angle of attack for maximum lift .— A comparison of 

the dat a for the plain airfoil sections and that for the airfoils with 
flaps deflected shows that the stall occurs at a considerably lower angle 
of attack when the flap is deflected. The deflection of a trai ling-edge 
flap causes an incremental load distribution which consists of an 
incremental basic load distribution and an Incremental additional load 
distribution. (See reference 5.) The decrease in the angle of attack 
at which the stall occurs Is attributed to the fact that the additional 
load, which comprises a large part of the incremental load distribution, 
increases the adverse pressure gradient in the vicinity of the airfoil 
leading edge; and, therefore, the critical pressure gradient is attained 
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at a lower angle of attack. 

Effect of leading-edge roughness .— The addition of standard roughness 
to the leading edge of the airfoil decreased the 108 x 11)1021 lift coef- 
ficients of all the airfoil configurations in such a way that only a 
slight variation of maximum lift coefficient with position of minimum 
pressure occurred. (See fig. 35-) 

The maximum lift coefficients of the plain airfoil and the airfoil 
with either of the flaps in the rough condition, increased as the air- 
foil thickness was increased but not so rapidly as in the smooth con- 
dition. For the airfoil with either a split or a double slotted flap, 
the decrement in maximum section lift coefficient caused by leading- 
edge roughness was less than that obtained for the plain airfoil section 
with the exception of the MCA 1^10 and the MCA 64^—212 airfoils which 
gave slightly higher decrements with the double slotted flap deflected. 

A comparison of the lift curves for the smooth condition with those 
for the condition with leading-edge roughness indicates that for thin 
airfoil sections, leading-edge roughness tends to give a less abrupt 
stall than that obtained for the smooth condition. This change in the 
type of stall can be attributed to the manner in which the stall occurs. 
For a smooth thin airfoil section, the stall first occurs in the vicinity 
■of the leading edge; whereas with leading-edge roughness the stall occurs 
over same rear part of the airfoil and progresses forward. 


Pitching Moments 

Glauert has shown in reference 6 that for plain trailing-edge hinged 
flaps, the Incremental pitching moment caused by the deflection of a 
flap is a linear function of the incremental lift coefficient. The 
rather meager data in figure 37 show that this linear relation is 
probably also true for airfoils with split or double slotted flaps. If 

/' Ac \ 

the ratio f 1 is calculated on the basis of the total chord of 

\ 1 / £to=0 

the model with the double slotted flap extended, reasonably good agreement 
Is shown for the double slotted flap and the split flap on these airfoil 
sections. The total chord with the flap extended is equal to the sum of 
the flap chord and the distance from the airfoil leading edge to the flap 
leading edge. 

Far each of these airfoil sections equipped with the double slotted 
flap, an unstable break in the pitching-moment curve (decrease in 
negative pitching moment) occurs at the stall. This unstable break seems 
to be peculiar to the double slotted flaps since it occurs in no case for 
the plain airfoil or for the airfoil with the split flap. The actual 
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cause of this phenomenon is not clear and an analysis of pressure- 
distribution data would be required to shown what flow changes determine 
the stability of the section at the stall. 


CONCLUSIONS 


Seven thin MCA airfoil sections — the MCA 63—210, 64—208, 64—210, 
64-j— 212, 65 - 210 , 66 - 210 , and 1410 airfoil sections — equipped with 

double slotted flaps were tested. Each airfoil was tested with a 
double slotted flap consisting of a 0 . 250 -chord main flap and 0 . 075 - 
chard fore flap, in addition, the MCA 66-210 airfoil was tested with a 

0. 100-chard fore flap and the MCA 64—208 airfoil was tested with a 
0 . 056 -chord fore flap. The results of the tests provided the following 
conclusions: 

1. The optimum fore-flap positions for these airfoils were generally 
about 1 percent chard forward and 2 percent chard below the slot lip. 

The optimum flap positions varied considerably. The deflections far 
which the highest maximum lift coefficients were measured were about 

50 ° to 55° for the flap and about 25 ° to 30 ° for the fore flap. 

2. For the airfoil section with either a split or double slotted 
flap, the maximum section lift coefficient decreased as the position 
of minimum pressure was moved to the rear and as the airfoil thickness 
was decreased to 0.08 chord. 

3. In all cases, the maximum section lift coefficient Increased 
appreciably as the Reynolds number was increased from 2.4 x 10^ to 
6.0 x 10^ but generally decreased slightly or remained constant as the 
Reynolds number was increased from 6.0 x 10^ to 9.0 x 10^. 

4. Increasing the fore— flap chord provided increases in the maximum 
section lift coefficients of the MCA 64—208 and the MCA 66-210 airfoil 
sections with double slotted flaps. 

5. The addition of standard roughness to the leading edges of 
the airfoils equipped with double slotted flaps caused decrements In 
maximum lift coefficient that were generally slightly less than those 
with flaps retracted, caused a decrease in the variation of maximum lift 
coefficient with position of minimum pressure and with airfoil thickness, 
and caused the stalls to be less abrupt than those for the airfoil in the 
smooth condition. 
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6 . The ratio of increment of section pitching-moment coefficient 
to increment of section lift coefficient at a section angle of attack 


of 


Ac. 


m 


Ac 


1 4 o =0° 


"based on the total chord of the airfoil with the 


double slotted flap extended was approximately the same as that obtained 
for the airfoil with the split flap. 


7. An unstable pitching-moment break is encountered at the stall 
for each of the airfoils when equipped with the double slotted flaps 
and seems to be. peculiar to double slotted flaps. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. November 5 , 1947. 
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OHDIMA223 FOR HACA 64^^-212 AIMT01X 
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All-foil chord line 


Flap ohord line 
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TARTE 8 ' 

FLAP OHDIHATSS FOR 63-210 AIRFOIL 


[Btablona and ordinates given fras flap 
chord line in percent airfoil chor^] 


Upper surface 

Lower 

surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.25 

■ 7 h 

.25 

-.55 

i:S8 

x:U 

1:8 

::la° 

2.00 

1.60 

2.00 

-.§3 

5.00 

4.00 

1.78 

1.80 

2.50 

5.00 

-.85 

5.00 

1.95 

6.00 

6.00 

7.00 

1.99 

9.00 

12.00 

-.55 

-.15 

6.00 

1 f §§ 

15.00 

18.00 

.01 

9.00 

1 r qli 

.11 

10.00 

12.00 

1:2a 

21.00 

24.00 

•if 

15.00 

1.21 

25.00 

0 

18.00 

.82 


21.00 

.1*7 



24.00 

25.00 

.12 

0 



[ L.E. radius* O.562 


L.E. radius center* 0.201 above flap 

chord line 



| Dimension a* 0.200 



TABIZ 9 

FLAP 0RDIHATE8 FOR 65-210 AIRFOIL 


Stations and ordinates given from flap 
chord line in percent airfoil chord] 


Ufeper surfaoe 

Lower surface 

Station 

Ordinate 

Station 

Ordinate 

0 

.28 

.56 

1.12 

1.69 

2.22 

3.38 

4*50 

5.61 

7.00 

9.00 
11.00 

12.51 
15 .01 

17.51 
20.00 
22.50 
25.00 

0 

i:S 

ttl 
1:1 i 

2 .40 
2. ’ll 

1.91 

1.50 

1.10 

.711 

0°^ 

0 

.28 

.56 

iii 

2.4g 

ij 

m 

19.99 
22. 49 
25.00 

0 

:* 

-.88 

-1.00 

'-f 

!oi 

.10 

.12 

0 

L.E. radius* 0.800 , 1 

L.E. radius center* 0.240 above flap | 

chord line 
Dimension a* 0*400 



TABLE 10 

FLAP 0RDIHATE3 FOR 66-210 AIRFOIL 


[Stations and ordinates given from flap 
ohord line in percent airfoil chord] 


Upper surface 

Lower 

surface 

Station 

Ordinate 

Station 

Ordinate 

0 

:p 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

7.°o 

8.00 

9.00 

10.00 

12.00 

15.00 

18.00 
21.00 
24.00 
25.00 

i!a 

1.76 

2.30 

2.65 

2.84 

2.95 

3.00 

3.02 

3.00 

2.94 

2.85 

t:& 

1.25 

.71 

.18 

0 

0 

•25 

il!5o 

2.00 
2.50 

3. 00 

6.00 

9.00 

12.00 

15.00 

18.00 
21.00 
24.00 
25.00 

0 

-.50 

-i:?l 

-1.27 

-1.30 

-1.26 

-.98 

-.72 

-46 

-.21 

-.02 

.06 

.01* 

0 

I L.E. radius* 1.207 


L.E. radius oenter* O.295 about flap 
chord line 
Dimension a* 0-75 2 


TABIZ 11 

FLAP ORDIHATES FOR ll*10 AIRFOIL 


rstationa and ordinates given from flap 
chord line In peroent airfoil chord] 


Upper 

Surface 

Lower surface 

Station 

Ordinate 

8 tat ion 

Ordinate 

0 

:% 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

6.00 

9.00 
10.00 
12.00 
15.00 
18.00 
21.00 
24.00 
25.OO 

0 

.09 

ll93 

2.20 

2.36 

2.48 

2.55 

| :ll 

2.56 
2.50 

fill 

X -M 

.28 

.11 

0 ^ 

2! 00 
2.50 

3.00 

6.00 
9.00 

12.00 

15.00 

10.00 

21.00 

24.00 

25.00 

0 

-.38 

-1.15 

-1.13 

-1.0X 

::F 3 

-47 

::!2 

-.11 

L.E. radius* 0.831 

L.E. radius center* 0.249 above flap 

chord line 
Dimension a* 0.700 
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Airfoil chord line 


Flap chord lino - 
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TABLE 12 

FLAP ORDOiATXS FOR 61; -200 AIRFOIL 


JStationa and ordinates given from fla 

^V< n, fA 11m <•»» M.ta* .«■ . 1^.11 

™ *** yaiwouu — ■ >- > ii » > mmi^i 


Oppw surf.o# 

Lower surface 

Station 

OnUjast* 

Station 

Onjin.te 

0 

0 

0 

0 

•?5 

•65 

•25 

-.27 

•50 

.78 

.50 


1.00 

1.06 

1.00 

-.58 

P.Ctf 


0 nn 


3.00 

1.54 

2.50 

-.$3 

Loo 

1.67 

3.00 

-.63 

s.oo 

I.?? 

6.00 


6.00 

1.75 

9-00 

-tty 


1.75 

! 12.00 

- .it. 

0.00 

1.73 

1S.00 

0 

,?-oo. 

1.70 

18.00 

.11 

lo.ao 

1.64 

21.00 

.12 

12.00- 

1-35 

23.00 

»‘°5 

is. oo 

1.16 

23.00 

lfl.oo 

■75 


21.00 

.33 



23,00 

.15 



25.00 

0 



L.E* radium O.Lll 


L.E. radios oenten 0,171 above flan 
ohord line 

Plweoslon ai O. 06 O 

1 


TABLE 13 

FLAP 0RDHATE8 K)R 61+-210 AIRFOIL 


[jtatlona and ordinatee given fra* flap 
chord line In percent airfoil ahor$] 


tipper rorfaoc 

Lower surface 

Station 

OnUnatu 

Station 

Ordinate 

D 

0 

0 

0 

.25 

.78 

.25 

-.33 

.50 

1.01 

.50 

-.50 

1.00 

1.32 

1.00 

-To 

2.00 

1.69 

2.00 

-90 

3.00 

1.89 

2. SO 

-.50 

4.00 

2.01 1 

ij. _6s 

-.70 

5.00 

2.07 

9 *$$ 

-.35 

0 .00 

2.0$ 

ill, W 

-.03 

7.00 

: 2.0$ 

19.9? 

.13 

$.00 

1 2.05 

25.66 

0 

li.oo 

. 1.88 



15.03 

■ 1.30 



20.02 

.si 



25.0a 

0 



L.E. reditu : 0.620 


L.E, radius center* 0.170 above flap 

chord line 



Dlaecaion a: 0.200 



TABLE ill 

FLAP ORDHUTBS FOR 64^-212 AIRFOIL 


(Stations and ordinates given frm flap 
chord 11 no In percent airfoil ohoaSJ* 


| upp©r surface 

Lower 

surface 

Station 

Ordlnats 

Station 

Ordinate 

0 

0 

0 

0 

.25 

.93 

.25 

"♦44 

.56 

1.13 

.56 

-!?3 

1.00 

1.53 

1.00 

-.85 

2.00 

1.97 

2.00 

-1.05 

3.00 

2,21 

2.50 

- 1.03 

3.00 

2.55 

3.0a 

- 1.00 

3.00 

2.33 

£.00 

-74 

6,00 

2.37 

9,00 

-•39 

7.00 

2 47 

12.00 

-.25 

8.00 


15.00 

-.06 

9.00 

10,00 

2.46 

18.00 

.09 

2.31 

21.00 

,13 

12.00 

2.01 

24.00 

.05 

15.00 

18.00 

i:S 

25.00 

0 

21.00 

.« 



2 Ji.OO 

.13 



25.00 

0 



L. 1 . radiuai 0,870 


L.X, radius cod tar i 0.260 above flap 

chore 

line 



Dheenaion a: 0*500 
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TABLE 16 


TA3t£ 17 


OKOKATSS FOR 0.056-C30W) FORE FLAP 


[stations and ordinates given froo 
Fore-Flap ofcord llnejn percent 
airfoil o.hord_ 


immtm 

Upper 

Lover 

Station 

ordinate 

ordinate 

0 

0 

0 

.12 

.1)2 

.... 

.85 

1.10 

— 


1.25 

-.85 


1.31 



1.31 



1.27 

-.15 


1.10 

.10 

5.75 

.97 

.16 

Jl-17 

.81 

.19 


.61 

.18 


,ko 

.15 

mm 

.15 ! 

0 

.05 

0 

L.E. radius: 0.90 


{on chord line] 



OSDtNAlES FOR O.O 75 -CHORD FORE FLAP OKDINaTES FOR O.IOO-ORORD FORE FLAP 


[Stations and ordinates given from 
fore-flap ohprd line in percent 
airfoil chord] 


Station 

Upper 

ordir.Bto 

Lower 

orcUnat© 

0 

0 

0 

.1(2 

.95 

-.93 

.83 

1.31 

-l.lt 

1.25 


-1.20 

1.67 

1.^2 

-l.U 

2 . 0o 

i.?2 

-.83 

2.92 

1.7k 


3.75 

X.6U 


b- 58 

1.13 

.10 

5-1(2 

1.13 

■u 

7!of5 

'M 

.11 

7.50 

0 

0 

L.E. radius t 1.20 


(on chord line) 



[stations and ordinates given fron 
fore-flap chord line in percent 
airfoil chorS] 


Station 

Upper 

ordinate 

Lower 

ordinate 

0 

0 

0 

.50 

1.12 


1.00 



1.50 


2.00 

2.01 



2.50 

2.1U 

-1.10 

3.00 

2.21 

-.71 

4. 00 

2.21; 

-.15 

5.00 

2. Ill 

.22 

£.00 

l.git 

•Wi 

7. 00 

1.60 

.51 

8.00 

1.16 

.1(5 

9.00 

.62 

.27 

16.00 

0 

0 

L.E. radius t 1.50 
(on chord line ) 



MATKJMAL ADVISORY 
COMMITTEE FO* ttWUlITlCS 


I 


NAG A TN No, 1545 





03 




61,-208 




63-210 


< 1,-210 


< 5-210 


/ i & a . 


< 6-210 




64^-212 



li^ia 


katkmal ammo *y 
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Figure 1.- rrofiJL** of KAOA Alrtoll atatlou Tltt. dflubl a «lott*d ilapa* 
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Section lift ooeffloient 
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0 Optlmuo position 
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8 . 40 



(o) c f a 55°J ^ = J0° 

Fijurs S OonoltsJofl, 




Sootion lift oo*ff:Lol»nt 
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Figure 9 .- Contours of ritp position for asxlwisi lift of the K»CA fflt-200 sixfoil section (rlth s double slotted flop; 

0.075c fore flsp; 0.250O flsp. R = 2,U ». 10». 
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ri£urn 10 .- 


Contonra of flap and fore-flip portion for maxima 

n«pj 0.0750 for. flap; 0.250c fl«p. 6 f a 


' ff ^ of th* NACA 6li-206 Airfoil aectlca 

t5°» 6 fr = 2 5°; h = 2,ii * ic 6 . 


*ith * doutl* ilotted 



Section lift coefficient, oj 



IUSSS 

■Kiaiifl 



6 2.1} X 10 6 
-ta 3,0 
<> 6.0 
.A 9.0 

y Stand erd ro 


(dog) (flag) 


0 20 45 l.W 2.06 0-97 5.°1 

H 25 45 1.43 1.97 -25 1.99“ 

025 50 1.43 1.97 1-53 2.21 

-16-8 081 

Saotloo angle of attaok, a OI dag 


(») R a 6.0 x 10 6 , 


NAtlOHU. MVtSOflY 

co*wrnn rta mmn«tc£~ 


Section aogla of attack, a 0 , dag 

(b) Off = JO 0 } Of - 45°. Xj ■ 1J)0I Ti * l* 1 
*2 => 1.51J 7z = 1.52. 




Saotloo angle of attack, Oq, 

(o) Off a JO 0 } *x S 1 . 4 B; yi a 1 . 08 ; R = 6,0 X ljj 6 . 


Pleura 11.- Saotlon lift and pitching*™™ t oharaateriatlce of tta RICA 64-208 airfoil section with a double alottad flap I 
^ 0.075o fora flap? 0.250a flap. 
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Moment coefficient 



Section angle of attack. 


Figure 12 .- Section lift and pitch 
of the NACA 6 i |-208 airfoil sectii 
flap; 0.056c fore flap; 0.250c f! 

6 f = 50°; = i.i( 7 ; yi = 2 .56 

R - 6.0 x 10^. 




Moment coefficient, ^c/i; 


(4 

0 1.6 





0 0 

-.1 -.It 
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Figure 13 
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16 -8 0 8 16 2lt 


Section angle of attack, a„, deg 
(a) Plain airfoil. 
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(b) Airfoil with spilt flap. 0 f = 60°. 


.- Section lift and pitohing-aoaont oharaoterlitlos of the HACA 61(-H10 airfoil aeotion with and without a 0.20c split 

flap. I 
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(b) 6 f ■= 50°; 0 ff = 30° 

Figure |»f Continued. 
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-24 
U)O ff = 


-a o a 16 

Station uiffl-a of attack, o. ol dog 

25° I *i « 1.18: T. s 1.01: * a 6.0 * infi 


-24-16 -8 o 8 16 

Sootlon angle of at tool, a 0 , dog 


ft) Off - yfi; 9,-55°. *1 = 1.23} 71 = 1.82,,,- 

*2 = 2-31; 72 = 0.56. g 
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(7> 
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*24 -16 -806 

Section ingle of rkt&ok, Oq, Gog 
(0) 9jf f * 50°, *! O 1,2}; 7l a 1.82; B * 6.0 x 10 6 , 

Figure 1$.- Soatloc lift and pitofclng-anaont cheroot aria tloa of the IACA 64-210 Airfoil aootlon with a double alottad flap; 

O.O 750 fora flap; O. 25 O 0 flop. 
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Figure 19<- BmUod lift uld pit ohing -at otan t abarastarlatloa of the lUOA £9-210 


Monant ©oaffi slant 


t 



(a) Airfoil wlth.douJble slotted flap; O.2560 flap; 
0.0750 fora flap) Ojj » 25°; Of * JQP; 

« 0,92| ■ 2.56; * 2 ’ ,2, 5 °i Tj *■ 1.10 


> 

0 

> 

G) 

CJi 
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ro 
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Sootioa lift coefficient 
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Optlaira position 


M 

p. 


5 


z.51 



Pleura 21.- 


Oontoun bf flap pcaltlon for -rim. lift of the .fACA 66-Z10 airfoil .action ,1th . dotibl* .lott.1 rl.p, 
| 0.0750 fore flap; 0.250c flap. K - Z.!* * 10». 



0 Optimtm position Jj 

! ? 
N 
Pi 

u 


5 


65i(J210-l-2 
t z , percent c ^ 

NATIONAL AAVISOQY 
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(b) 0 f = 93 0 J ^ = fi5 o 

Figure Z t Continued. 





|g) Opt tarn position 


p. 
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(fl) 6 f - 55°; B„ « 30®. 
Figure £{ Concluded. 








B«otlon lift oo»ffloi«n#. 



NACA TN No. 1545 






& Optimal poult Ion 
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!&) Of - 60 °; « * 25 “ 

i'igiiro <&&.- Continued. 




10 Optima* position 
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{o) b 55 °, 6^ = 30°, 

Figure Conoluflod. 
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Aaotlon lift ooeffioiant. 



e a.k x xo* 

e 3.0 
o 5.0 
a 9.0 

. v Standard rourtineaa 
6.0 x 10“ 


224-16-8 0 a 16 

Section angle of attack, %, dag 

(a) Bfj a 25°; 0 f 60°. *1 ■ 2*55; 7i ” Z ‘°7J 

*Z ~ 3 * °7 J 12 “ 5*88* 


HATKMAL AOWSOHY 
COMfTni K» ABOtMUTlCS 


°rr 

(dag) (deg) 


2.35 2.0 
2.?5 2.0 
2.40 1.9 


3.31 2.57 
3.07 3.88 
2.95 2.51 


2 -.6 


Section angle of attack, dog 

(b) a 3 6.0 X 108, 


Figure 26.- Santlon lift and pitohing-oooaot cheraoterletloa of tiio JUCA 66-210 airfoil aaotlon with a double a lotted flap: 

O.lOOo fore flap; O.25O0 flap. 
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0 Optlnus position 


L8 p- 

~T 

CO 



> 

O 

> 


(»> 0 f =. 50°; #„ = 25“ 

Figaro 28.- Contours of flip position for malleus lift of ths XACA. lijlO airfoil seotlon «lth a doable slotted flip) 

0 . 075 c for* flap) 0 . 250 e flap. R «■ 2.4 x 10^. 
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-5$ optimum position 


OJ 

>» 



0>) « x - 35°i Of, = 25 “ 

Pigur»,£8,- Gontlmwd. 



^ Optimum position 





(o) 6 f = 50° J 8 fr = 30°. 

Plguro JSQ Conoludod. 




Figure* 29,- Coo to urn of flap and foro-flap poaifc£oo f or auudisuBi lift of the JU CA. li|JLQ airfoil Motion with a double slotted 
flap; 0.075c fora flap; O.25O0 flap. 0* ■ 55°; 0^ = 25° ; R. * 2.1j. x 10*. 



Seotlon lift coefficient 




Seotlon angle of attaok, a n , deg 


(o) 6 ff = 25°; = 1.185 = 1.86; B a 6.0 X 10^. 

Figure JO.- Seotlon lift and pltohlng-coeent oharaoterletlco of tbe NACA li(10 airfoil aection with a double alotted flaps 

0.075° fore Hap; 0.250e flap. 
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(£§) Optloua position 
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E. 


.01 



(*>) 6 f - 50°; B ff b 25°, 

Plpiro S2 Continued. 




^ Optimum position 
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(o) a r ■ 55°; 6^-25° 

Figure 3x? Continued. 






■%) Optima position 


.70 
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(.) B f = 50 °J o ff = jo°. 

Figure 32 Continued. 






® Optimut po*ition 



(g) = £o°i = 30°. 

Figure 12 Cor^ludod. 







Emotion lift ooeffloient 
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T t 



(o, 8„-50° ; ^= 0 . 98 ; Tj » 1.92| E- 6.0 * 10 6 . 

Figure j!}.- Seotlon lift nod pltehlng-euwent oharaeterlatlea of the VAC* 6^-212 airfoil aaetlon with a double alotted flapi 

O.O750 fore flap} O.25O0 flap. 


CO 


NACA TN No. 1545 



0 .1 .2 .3 .i .5 ,6 

Position of ■inlsnm pro bout#, x/c 

(&) Variation of with position of alnlatm pr*«aur#; 

1 = 0 . 10 . 


.07 .08 .09 .10 .ii 

XwclBua thlokOMS. x/c 


(b} Variation of °l mAX »lth t/o; 

r,r*»«.nr» *h £ u n.lifl. 


n ation al advisory 
cottmntE foi Aoowuncs 


Figaro 35 .- Variation of BAxlmoa ■eotion lift ooefflolent with position of Hlnlra pra a sure snd haxImw thlotosM for soma 
HA0A 6-serlM Airfoil aeotlona cambered for Ideal lift ooofflolonta of 0.2. K = £.0 x lo6. 
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W utinixi section lift coefficient 




?liaire 36.- Bffeot of Reynold* nuuber on the mudnue 

lection lift coefficient of none KACA airfoil eactloni. 


Inorement of ssotion pit ohing -dement coefficient, Ao^ 



Figure 37 .- Variation of lncreaent of ceotlon lift aoefflolent 
with increment of lection pltohlng-nonent coefficient oaueod 
by addition of flaps on lane thin MCA. 6-eerloe airfoil 
sections . o 0 “ 0°. i 
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